Objective: To assess the prevalence of old people at risk of undernutrition according to the Mini Nutritional Assessment (MNA), characterise the at risk group with regard to nutritional state, energy intake, and physical and mental functioning, and to assess the consequences of the MNA score over a 6 month period. Design: A cross-sectional prospective study. Setting: The clinic of a general practitioner. Subjects: Ninety-four patients 65 þ -y-old with no acute illness contacted at the clinic. Sixty-one subjects (65%) agreed to participate at baseline and 34 (56%) showed up at the follow-up 6 months later. Results: At baseline, 23 (38%) participants were assessed as being at risk of undernutrition (17 -23.5 MNA points). The remaining were classified as well-nourished ( > 23.5 MNA points). The 23 participants at risk had a higher prevalence of body mass index (BMI) < 20 kg=m 2 (44 vs 11%, P < 0.001) and insufficient energy intake (36 vs 9%, P < 0.05), compared with the well-nourished group. Also, they had a higher need of meals-on-wheels (39 vs 8%, P < 0.01) and home-care for shopping (48 vs 18%, P < 0.05) at baseline. At the 6 months' follow-up, there was a tendency to a higher non-participation rate among the participants assessed at risk of undernutrition at baseline (44 vs 18%, 0.05 < P < 0.1), compared with the well-nourished group. There was a tendency to a higher prevalence of hospitalisation (38 vs 19%, 0.05 < P < 0.1) in the at risk group. Conclusion: MNA seems to be a useful tool to identify old people who need help from the public sector. However, many in the group at risk of undernutrition already have low BMI values. This might have influenced the findings.
Introduction
The Mini Nutritional Assessment (MNA) method has recently been designed to provide a single rapid assessment of nutritional risk in old people (Guigoz et al, 1994) . The MNA is composed of four parts: (I) anthropometric measurements; (II) global assessments; (III) dietary questionnaire; and (IV) subjective assessment. The total obtainable score is 30 points. If an old person scores < 17 points he is classified as undernourished. If he scores 17 -23.5 points he is at risk of undernutrition. Finally, if he obtains > 23.5 points, he is classified as well-nourished.
The MNA is designed to be used by primary care physicians (Vellas et al, 1999) . In spite of that none of the studies published to date using the MNA have involved old patients from general practice. Also, although the aim of the MNA is to evaluate the risk of undernutrition and its complications, most of the original validation studies have assessed the capacity of MNA to correctly classify subjects as either undernourished or well-nourished according to different nutritional parameters (Vellas et al, 1999) . However, screening instruments should be able to detect people before they become undernourished and in need of public help (Reuben et al, 1995) .
The purpose of the study presented here was to examine the frequency of nutritional risk patients over 65 y in general practice, and characterise and follow the patients over a 6 month period to assess the institution of help from the public sector in low-and high-risk MNA groups.
Materials and methods

Participants
All patients > 65 y who were not acutely ill and who contacted their general practitioner in the study period from March to July 1999, and agreed to participate. At arrival the patients were given a letter, which contained information about the study. After the consultation the general practitioner asked the subjects whether they wanted to participate. If they accepted, a registered dietician (AMB) was contacted and an appointment was made for the first talk, often in connection with the consultation.
Completion of the MNA The MNA was completed during the first visit. Information about height and body weight was given by the participants, which has been found to be a reliable method (Willet, 1998) . In case of doubt, measurement was performed. Weight loss, whether intended or not, was reported. The upper-arm and calf circumferences were assessed according to the World Health Organization (WHO, 1995) . Any kind of acute disease was reported. Psychological stress was defined as hospitalisation or loss of spouse or other close relative. The answer to the question regarding neuro-psychological problems (dementia or depression) was based on the subjective impression of the assessor, and independently of the result of the subsequently performed Mini Mental State Examination (MMSE) test.
Social situation, the use of home-care etc A questionnaire was completed for each participant regarding the presence of chronic diseases, frequency of social contacts, use of specific diets, need of home-care assistance, etc, as described in a study by us .
Dietary record
The participants were instructed by the dietician to complete an estimated record of all foods eaten during four consecutive days, including one weekend day. The dietician also supplied the participants with record notebooks, which included written instructions on how to record the diet. Subjects were asked to describe the type of foods and beverages in as much detail as possible and to give recipes for special dishes eaten.
At the second appointment the dietary record was carefully examined and ambiguous entries clarified (fat content of milk, use of butter on bread, sugar in coffee, etc). Standardised household measures and average portions (Andersen et al, 1996a) were used to assess food portion sizes. All the estimated records were coded and analysed for nutrient composition by the same person (AMB). The daily intake of energy was calculated using the computerised Danish Nutrient Data Bank. The database was supplemented with recipes from the participants.
Estimated energy requirement
Information about the participants' height, body weight and activity level was obtained. Based on the collected data participants had their basal metabolic rate estimated by means of the Schoefield equations (WHO, 1985) . In calculating total energy expenditure (TEE), allowance was made for activity level but not for nutritional state. The obtained results were compared with the individually assessed dietary intake of energy and weight progression. Hence, 'adequate energy intake' was equal to or above the estimated TEE in either weight stable or weight gaining participants. The method has been validated in an earlier study . Participants with impaired vision were not asked to fill in the dietary record.
Mini Mental State Examination (MMSE)
The MMSE is a widely used and easily administered test of cognitive status. It consists of 11 tasks and is graded to assign old people a score in the range of 0 -30. At the second appointment the MMSE test was performed. Cognitive status was classified as follows: 24 points, intact; 23 -17 points, moderately impaired; and < 17 points, dementia (George, 1991) . Participants, who had difficulties with seeing, hearing or writing, were not asked to complete the MMSE test.
Prospective evaluation
About 6 months after the first examination participants received a letter, which invited them to take part in the follow-up study and they were given an appointment with the dietician. With the letter was a questionnaire asking about acute diseases, hospitalisation, start of home-care, and meals-on-wheels during the preceding six months . The participants who showed up in response to the letter for their appointment had their MNA repeated ( ¼ MNA2).
Statistics
Results from a prior study were used to determine the sample size. The power was set to 85%, the significance level to 5% and it was assumed that no participants would obtain < 17 points in the MNA. Based on these figures the sample size (paired data) was calculated to 100 (Altman, 1995) . Mann -Whitney and chisquared (w 2 ) tests with Yates' correction were used for the statistical analyses. Used statistical software was Microsoft Excel. Two-sided P-values < 5% were considered significant. Data are presented as sample percentages or medians (95% confidence intervals).
Ethics
The local ethics committee of Copenhagen approved the study protocol. All the participants gave informed consent.
Results
Participants
A total of 94 subjects were asked to participate. Sixty-one subjects (65%) accepted and 33 declined to participate. There was no difference between these groups according to age and sex, and the 94 subjects were also comparable with respect to age and sex to the total group of old people associated with the practice (Table 1 ).
The first completion of the MNA All participants except one knew their height and body weight. Twenty-three (38%) of the participants obtained MNA scores between 17 and 23.5 points and the rest scored more than 23.5 points. A comparison of the two groups is presented in Table 2 . All participants obtained maximum scores in the items 5 and 16, and, hence, lived independently and were able to self-feed. All except one drank more than five glasses of liquid a day (item 15). Only three had problems with mobility (item 8), and only one could not tell if there had been a loss of weight (item 4).
Four days' dietary record, the questionnaire and the MMSE test A similar number of participants with MNA score 17 -23.5 and > 23.5 managed to fill in the dietary record (74 vs 84%). A higher percentage of the group that obtained > 23.5 MNA points was assessed by the MMSE test (90 vs 65%, P < 0.05). The dietician classified eight of the participants as having cognitive impairment (item 9). Among those were five participants, who obtained 23 -17 points in the MMSE test. The results of the four days' dietary record, the questionnaire and the MMSE test are presented in Table 3 . Specifically four (29%) of the participants with body mass index (BMI) < 20 kg=m 2 received meals-on-wheels vs eight (17%) of the participants with BMI 20 kg=m 2 (P > 0.2). The distribution with regard to the use of home-care to clean and home-care to shop was, respectively, seven (50%) vs 15 (32%), P > 0.2 and eight (57%) vs 10 (21%), P < 0.05.
Results of the participant follow-up study A total of 34 participants (56%) showed up for the appointment with the registered dietician at 6 months. There was no difference among those who showed up and those who did not with regard to age, sex, BMI and MNA points obtained at baseline (data not shown). Of those who did not show up, 16 returned the questionnaire regarding acute diseases, hospitalisation, start of homecare, and meals-on-wheels during the preceding 6 months. 8 (7.4 -9.9) 8.3 (7.5 -9.1) Energy intake (MJ=day) 7.6 (6.5 -9.7) 8.3 (6.9 -9.6) Intake < TEE (%) a 6 (36) 3 (9)* MMSE points 22 (22 -28) 28 (27 -28) 23 -17 MMSE points (%) 3 (21) 2 (6) < 17 MMSE points (%) 0 0 **P < 0.01; *P < 0.05;
The figures given are the number of participants where the calculated energy intake was below the estimated energy requirement (TEE) in combination with an observed loss of weight.
The median MNA score was similar in the follow-up study compared to the score 6 months earlier in subjects who participated in both studies (at risk group, 22 (20.5 -23) vs 24 (20 -26), P > 0.2; well-nourished, 26.5 (25.5 -28.5) vs 27.5 (26.5 -28), P > 0.2).
There was a non-significant higher prevalence of acute diseases, hospitalisation, and start of home-care and a lower participation rate in the group assessed to be at risk 6 months earlier (Table 4) . Specifically, the prevalence of participants who were hospitalised with, respectively, BMI < 20 kg=m 2 and BMI 20 kg=m 2 were equal (2 (20%) vs 12 (29%)).
Discussion
We found that more than one-third of old patients who visited their general practitioner belonged to a group at risk of undernutrition according to the MNA. This at risk group was characterised by lower BMI, energy intake and functional and mental abilities compared to the group which obtained > 23.5 MNA points. All in all, this might have resulted in the higher prevalence of use of home-care (Table 3 ). This was confirmed in the follow-up study, which showed that the group at risk had an increased need of public help compared to the well-nourished group.
The distribution of nutritional risk among general practitioners' patients has not been assessed before. In studies of healthy old people the prevalence of nutritional risk has been found to be lower. Based on the data from the longitudinal study, the New Mexico Ageing Process Study in Albuquerque, USA, which examined the nutrition and health of non-institutionalised elderly, Guigoz et al (1994) found 18% of the participants to be at risk of undernutrition. Using data from a similar longitudinal European study we demonstrated that 21.6% were at risk . None of the participants in these studies and in the present study scored < 17 MNA points.
A relatively high percentage of our participants received home-care (Table 2 ). The use of the MNA in a population of old people receiving home-care has resulted in a prevalence of MNA scores < 17 of 2% and a prevalence of subjects at risk of undernutrition of 62% (Saletti et al, 1999) .
In contrast to the study of the healthy SENECA population , the patient study reported here found a higher prevalence of underweight (BMI < 20 kg=m 2 ; at risk, 44%; well-nourished, 11%, P < 0.001) among participants with 17 -23.5 MNA points compared to those with higher scores. Hence, it seems likely the MNA has identified a group of old patients who are already undernourished according to BMI. This supports the results of earlier studies, which have found that the MNA is capable of correctly classifying old people as either undernourished or well-nourished (Guigoz et al, 1994; Vellas et al, 1999) . The low BMI might also be the Table 4 Comparison between participants who, at baseline obtained, respectively, 17 -23.5 and > 23.5 MNA points, with regard to the result of the re-completion of the MNA ( ¼ MNA2), the nutritional state and the presence of acute disease, hospitalisation, need of home-care, and meals-on-wheels during the preceding 6 months. Data are presented as percentages or median values (95% confidence intervals) 17 -23.5 MNA points (baseline assessment) > 23.5 MNA points (baseline assessment) MNA2 (6 month follow-up) a 24 (20 -26) 27.5 (26.5 -28)*** I 6 (3.5 -7) 7 (7 -8)*** II 8 (6 -9) 9 (8 -9) III 7.5 (6.5 -8.5) 8.5 (8 -8.5) IV 3 (2 -4) 3 (3 -4) < 17 MNA2 points (%) 1 (11) 0 17 -23.5 MNA2 points (%) 3 (33) 1 (4) > 23.5 MNA2 points (%) 5 (56) 24 ( In the preceding 6 months had suffered from colds, coughing, respiratory trouble or fever or had been in bed for more than 3 days due to an infectious disease (the answers to the different questions are merged into one). In the period between the two studies started home-care for the household or started receiving meal-on-wheels.
explanation to the higher need of public help observed in the at risk group at baseline. MNA might have other problems to identify old people at risk of undernutrition (Chumlea, 1999) . For example a question in the MNA (item 7) asks about recent acute disease or psychological stress. This question can lead to misclassification because study participants with 'mild' diseases, such as a sore throat, were scored the same, with zero points, as those who experienced much more severe stress, such as loss of spouse.
Another MNA question, whether the old person consumes two or more servings of fruit or vegetables a day can be misinterpreted as well. There might be confusion as to what is a fruit or a vegetable. If the intention is to assess the vitamin C intake, the question has to be more specific and mainly focus on vitamin C rich foods .
The MNA is supposed to be used by the health care professionals repeatedly on the same individual. This raises the question whether the MNA is able to detect changes in nutritional status over time. Even though we repeated the completion of the MNA we found it difficult to answer that question, since the two situations in which the participants were assessed were different. At the first completion they had contacted their general practitioner due to a medical problem (a 'sick' study population). At the follow-up this was not the case (a 'healthy' study population). One consequence of this was that 56% of the group assessed to be at risk 6 months earlier now had > 23.5 MNA point (Table 4) . Hence, in contrast to the initial assessment the increased need of help from the public was not reflected in the number of MNA points obtained at the follow-up. This could of course indicate that the effectiveness of help has decreased the nutritional risk. In a follow-up study of old hospitalised patients, a corresponding increase in the number of obtained MNA points was found among the surviving patients, between time of admission and end of hospitalisation (Compan et al, 1999) .
The participation rate in this study was high (65%) compared to rates in other studies of healthy old people (Andersen et al, 1996b; Hof et al, 1991) . Also, most of the participants were very willing and able to complete the entire study protocol. The distribution of age and sex of the subjects asked to participate in this study was similar to the age and sex of all the patients attached to the general practitioner. This indicates that the prevalence of old people at risk of undernutrition in our study population (38%) reflects the 'true' prevalence among all the patients above 65 y.
Before the start of the study we had made calculations regarding the size of the study population needed. In theory the resulting number of 100 participants should be obtainable during a 5 month period. However, due to summer holidays it turned out not to be possible. This has probably reduced our chances to detect differences between the two MNA groups.
The prevalence of nutritional risk among old patients visiting their general practitioner is twice as high as among healthy old people. The increased nutritional risk among these patients is due to low BMI, insufficient intake of energy and decreased functional and mental abilities, all of which are susceptible to intervention. Still, based on our findings of a high prevalence of underweight among participants at risk of undernutrition, it seems that the MNA is more capable of identifying old people who are already undernourished and hence with an already increased need of help from the public sector, instead of at risk of both.
Even though the MNA seems to be a useful tool to identify those old people who in the long-term have an increased need of help from the public sector, a lot of work is still to be done with this assessment method to secure its reliability. The already worldwide distribution of the MNA is, therefore, quite problematic in the light of all the questions regarding its use. Identifying risk does not in itself reduce risk. Consequently, there is at least one other prerequisite to be tested in the future -the availability of efficient interventions.
